Background: There is conflicting information about whether Scottish children follow the UK government recommendation of consuming 5 portions of fruit and vegetable
in essential nutrients that are believed to promote good health [1] . F & V contain high amounts of vitamins, minerals, fiber and phytochemicals and are rich in antioxidants such as Vitamin C [1] . The WHO report an insufficient intake of F & V is one of the 10 top leading risk factors for global mortality. The report suggests that increasing the intake of F & V as recommended could help in preventing chronic disease and saving people's lives on average 2.7 million people annually [2] . Adequate consumption of F & V reduces the risk of cardiovascular diseases, certain cancers, type 2 diabetes and obesity [2] . Moreover, "eating a variety of vegetables and fruits clearly ensures an adequate intake of most micronutrients, dietary fibers and a host of essential non-nutrient substances" [3] .
Eating more than seven portions a day of F & V for adults to derive additional health benefits with all-cause mortality and preventing chronic disease was suggested by the University College London (UCL) in 2014 following a study which looked at > 65,000 adults in England over the years 2001-2008 [4] . It was established in the same study that vegetables show greater health benefits than fruit, with reduced deaths from cancer compared with fruit [4] . Incidences of being overweight in the long term could be prevented by of the consumption of whole fruits, which comprise a high water content, low energy density, as well as a high content of dietary fiber [5] . However, it is currently unclear whether there are significant benefits from increasing F & V intake among children [6] .
The current recommendation in the UK, is to eat a variety of 5 portions of F & V for adults and children (adults: 80 g each-equal to 400 g/d),) excluding potatoes (starchy food). For children it is suggested that a child's handful be used to count as one portion of fruit or vegetables [7] . Pulses, beans and a 150 ml portion of fresh fruit juice each only count as one portion per day [1] . Most children of primary age fail to meet the level of F & V recommended by the WHO in many countries [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The average F & V intake for UK primary school children has been estimated at 3 -4 portions per day [17] [18] . Older children, aged 5 -12 years old had the lowest daily intake of F & V (2.7 portions) in comparison with younger children aged 2 -4 years old (3.1 portions) [19] . Despite 63% of boys and 73% of girls (aged 11 -15) being aware of the five portions per day recommendation [20] , only 11% of children aged between 5 -15 met this recommended level in 2012 [19] . This appears to be increased in younger children as in England (Leeds) children aged 3 -7 years were found to eat an average of 2.4 items of fruit (including fruit juice; or 1.6 excluding fruit juice) and 1.6 items of vegetables per day [21] . However, up to 30% of children reportedly do not eat any fruit or vegetables on a daily basis [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . While some reports revealed that children consumed more fruit than vegetables [10] [22] [23] , others found no differences with equivalent intakes of F & V [15] [24] [25] . In addition to age, sex was also found to impact F & V intake with girls eating more fruit than boys [24] [25] [26] . Family affluence may have an impact on children's healthy behaviors, in that the more affluent the child's family is, the more intake of F & V among their children [26] [27] .
While many studies report the benefits of increased F & V intake, the impact on specific health parameters is unclear [13] . Studies have shown a significant correlation between increased intakes of F & V in intervention studies and weight loss and these interventions have been shown to work in adults [28] [29] [30]. Reductions in body mass index (BMI) were suggested to be due to increased fruit intake and decreased fat intake among the 5th grade children in the intervention group [31] . Increased intake of vegetables, however, did not have a significant effect on BMI [31] . This was suggested to be because children generally had a greater liking and intake for fruit, leading to higher fruit consumption after a school based intervention programme.
The increased incidence of obesity in children with higher intakes of energydense food and lower F & V consumption is often suggested to be causal [32] .
However not all reports on F & V intake suggest increased intake is beneficial, and concerns about a higher consumption of fruit juices leading to weight gain among children have been raised [13] [33] . There was a strong positive association between consuming five F & V a day and Brazilian adolescents (age 12 -19) being overweight [25] . In contrast obese/overweight children in Philadelphia consumed fewer servings of F & V in comparison with children's with normal weight (4.0 vs 7.2 servings/day) [15] .
There is also conflicting evidence for other health parameters. For example, it is widely believed that dietary intake of F & V is inversely related with blood pressure, and may prevent the development of hypertension [34] . However, other studies did not show any significant association [35] [36] . The potential mechanism behind such a relationship is also unclear [37] [38] [39] . In addition, many cross-sectional studies have shown that F & V intake is correlated with improved lung function in children, which may be related to the high content of Vitamin C [40] [41] [42] . F & V are considered to have a rich content of antioxidants, like Vitamin C; and if taken in large amounts can lead to better lung functioning as antioxidants modulate the adverse effect of ozone (O 3 ) on lung function as well as the resulting airway inflammatory response [41] . Importantly, a 2015 study found that antioxidants can raise the spread of cancer cells only if the patients with cancer are mice, but not in healthy subjects; however this has not yet been fully confirmed, as the testing was carried out in mice [43] . The effect of F & V intake on health parameters is therefore still confused, and there is a need for further research in children to elucidate the impact of F & V intake on pediatric health.
The primary aim of the current study was to perform a cross-sectional survey of Scottish primary school children aged 4-13, to assess the intake of F & V, testing for any effect of age or sex. The relationship between F & V intake and various health related parameters was also investigated. Health parameters included (weight (W), height (H), body composition (BC), systolic and diastolic blood pressure (SBP, DBP), resting pulse (P), lung function parameters, waist circumference (WC), hip circumference (HC), waist to hip ratio (WHR) and waist to height ratio (WHtR)).
Materials and Methods

Subjects
A total of 466 subjects aged 4 -13 years old (216 boys and 250 girls) participated in this study. Data were collected from seventeen participating primary schools in Aberdeenshire, Scotland. 
Fruit and Vegetables Intake Questionnaire (FVIQ)
All
Health Parameters
Health paremeters were measured at school. These measurements were made with the child wearing standard school uniform with shoes, hair accessories and socks or tights that would influence measurements, removed. Data were anonymized and stored in secure premises at University of Aberdeen. Some of the health parameter data was invalid due to failure to complete the measurements or refusal by the child to be measured. Height was measured to the nearest 0.1 cm using a standard stadiometer (SECA 217), weight and body composition were measured to the nearest 0.1 kg using bioelectrical impedance analyser (BIA) specifically designed for measurements in children up to 17 years old (Tanita BF-689). It depends on bioelectrical impedance analysis technique which is used a safe, low-level electrical signal that is passed through the body to measure fat percentage in the body. BMI was calculated, BMI = Weight (kg)/Height (m 2 ).
BMI in children is not an accurate measure of adiposity due to differences in growth curves between boys and girls over different ages, therefore BMI-percentile was used. Measures were adjusted for the age and sex of the child. BMIpercentile was determined and calculated online based on British 1990 (UK90) Growth Reference charts, which was developed by the UK-NHS [44] [45] .
Weight classification was based on BMI-percentile cut off values as underweight (BMI: ≤2nd percentile), normal weight (BMI: >2 -<85th percentile), overweight (BMI: ≥85th percentile), or obese (BMI: ≥95th percentile). Waist and hip circumferences were measured to the nearest 0.1 cm using a tape measure (SECA Ergonomic Circumference Measuring Tape). Waist circumference was measured at the narrowest point of a normal waist (between the lowest rib and iliac crest) and hip circumference was measured at the widest area of the buttocks. Blood pressure was measured using an automatic digital B.P. monitor (Omron M10-IT), for older children age 9-13 years old, and an automatic digital B.P. monitor 
Children's Family Socioeconomic Status
Children's parents were asked about their current address (street number and post code). Post codes and street addresses was used to determine the value of the property as an indication of socioeconomic status of a family using the Scotland based council tax bands system which categorises all property into eight bands (A-H). The council tax bands for the homes of the participants are public domain data and were obtained from Aberdeen City Council [47] . These bands were clustered into three groups low (A to C), moderate (D to E) and high (F to H), and also replaced by a number (1 -7 for council tax bands A-G) respectively for calculating the mean for each school individually which were used to assess if there is any relationship between children's consumption of F & V and socioeconomic status.
Statistical Analysis
Data from the questionnaires and HP measurements were coded, using Microsoft Excel, and imported later to SPSS, version 22. The average weekend and week day F & V intakes were determined and used in all analysis. Data were examined for normality before analysis using the Shapiro-Wilks test (p-value > 0.05) and visually by a histogram and Q-Q plot. Log transformations were performed where necessary prior to analysis to attain normality. Measurements only were excluded if they had an incomplete test such as insufficient exhalation in the spirometry test. All parameters in the study were reported as mean, standard deviation, maximum, minimum, and the total percentage of some variables.
Paired t-tests were used to test for differences between mean F & V intake measured over the weekend and week days. Two-way ANOVA was used to compare mean difference between independent variables (F & V intake, sex or age) on dependent variable (such as weight) or if there was an interaction/effect between two independent variables on dependent variable. A Tukey post-hoc test was used to determine which means are significantly different from each other when significant differences were found by ANOVA. Multiple regression analysis was performed with given health parameters as the dependent variables and several independent variables (F & V intake, age, sex and schools) to establish a model that predicted any changes in the health markers to increased F & V intake. A significant level of 0.05 was used.
Results
General Characteristics of Pupils
The general characteristics of pupils are shown in Table 1 . Based on children's BMI-percentile the majority were classified as normal weight (82.8%). In total, (6.9%) of children were obese, (7.3%) were overweight, (2.8%) were underweight and for 0.2% the data were missing due to children exerting their right not to participate in the measurement.
Demographic and Socio-Economic Characteristics
The majority of households consisted of 2 adults (86%) and 2 children (52.3%).
Children from Aberdeen City and Aberdeenshire lived in property values based on the council tax bandings as follows; Low (36.5%), moderate (34.1%) and high (21.7%) indicating that most children lived in less affluent areas. For approximately 7.1% of children we failed to determine their postcode. In total 93.5% of children's fathers and 81.3% of mothers were employed. The highest proportion of fathers (38.5%) had obtained college level education, with (36.6%) attending University, while (32.0%) of mothers had completed a college education with the highest proportion attending University (49.6%). Demographic characteristics of the participants are shown in Table 2 .
Parent's Perspective of F & V Intake
A large percentage (94.2%) of parents were aware of the government initiative (5-a-day) for consuming F & V with, the majority rating 5-a-day as "Just right" (86%). Despite this, only 56.6% of parents thought that 5 or more portions of F & V should be eaten daily by their children. 236 of the parents were asked to re- (Figure 1(a) ). Perceived barriers differed dependent on the council tax bands for children's family (Figure 1(b) ).
Children's F & V Intake
The results from the combined 2 days of recording and separate week day and weekend day for There was no significant interaction between age and sex on intake over both week day (F (3,458) = 0.947, p = 0.41) or weekend day (F (3,458) = 0.972, p = 0.40). When intake was separated into different components there were a significant age differences in fruit intake during week day (F (3,462) = 3.027, p = 0.02). Posthoc Tukey tests indicated that children aged 6-8 years old had significantly higher fruit intake during week day (2.55 ± 1.74) than children aged 8-10 years old (2.03 ± 1.24). However, no age differences was found in fruit intake at the weekend (F (3,462) = 2.531, p = 0.08). No sex differences in fruit intake were found in week day; (t (464) = −0.593, p = 0.55), or weekend day; (t (464) = 0.999, p = 0.32).
The same was true of vegetable intake as there were no significant age differences during week day (F (3, No differences were found in children's total and weekend day F & V intake (Two-sample-T-test: total; t (359) = 1.82, p = 0.07, weekend day; t (359) = 0.53, p = 0.59) whose parents were both employed.
Effects of Parental Education/Employment Status
Association between Property Value as an Indication of Socioeconomic Status and Children's Intake of F & V
There was a significant association between high council tax bands (council tax Post-hoc Tukey tests indicated that F & V intake during both week and weekend days in children living in high property value (council tax band: F-G-H) were significantly higher (4.91 ± 2.01, p = 0.008) in comparison with children living in low property value (council tax: A-B-C) (4.23 ± 1.76). After examining the weekend day separately, Post-hoc Tukey tests indicated that children living in high value properties (council tax band: F-G-H) had significantly higher intakes than those living in low value properties on weekend days (4.63 ± 2.40, p = 0.011) (3.86 ± 1.87). When examining the relationship separately with fruit intake and vegetable intake, there was no significant association found for total, week day and weekend day (p > 0.05 for all comparisons). Likewise, there was no significant association found when assessing the relationship of total F & V intake, fruit intake and vegetable intake with number of adults in the house (p > 0.05 for all comparisons).
The Association between Children
The Association between F & V Intake and HP
A multiple regression analysis was used to determine if there was any association between the level of F & V intake and markers of health after adjusting for sex, age and school. Multiple regression analysis results for total F & V intake, fruit intake and vegetable intake are presented in Table 4 . There was however a significant reduction in the total volume of air that can be forcibly expired in one breath (FEV1/FVC-Z) (F (4, 396) = 4.295, p = 0.002, r 2 = 0.04) and forced expiratory flow 25% to 75% (FEF25-75_Z) (F (4, 377) = 5.717, p < 0.001, r 2 = 0.05).
When examined separately, children who consumed more fruit were taller This showed that both F & V intake were positively correlated with aspects of the children's health. Other HPs (notably BMI-percentile and diastolic blood pressure) did not show any significant association with total F & V intake combined, or separately.
Discussion
The relationship between F & V intake and health parameters was examined in primary school children in Aberdeenshire, Scotland. The results revealed that the majority (57.8%) of children did not consume the recommended level of 5-aday as advised by the WHO [3] . This result is similar to previous UK-based stu- A possible explanation for our finding might be related to the usual home availability of this type of food over the week day, or the child's preferences.
Supporting the present data, Lachapelle and colleagues showed a higher con- status (low-educated mothers) [53] .
Regardless of the effect of employment status/education level on F & V intake, socioeconomic factors are recognised to have a major impact on diet choice [58] and lower status may lead to a poor intake of healthy food, including F & V in children. We also found that socioeconomic status (property value) was a significant factor in the present study, supporting these previous findings. It was previously reported that poor diet choices were linked to families who live in lowincome areas, and most of the healthy food, such as F & V, were consumed by families who are higher in socioeconomic status [58] [59] . Furthermore, the current study addressed determinants for not eating the recommended level of five portions of F & V by children in a socio-economic context (e.g. people living in deprived areas and on low income), as similar findings were previously reported in qualitative studies among adults [60] , British young adults age 18-24 years old [61] , among both children and adults [62] , and quantitative studies of Portuguese high school students [63] . These determinants were: cost, lack of young-middle and older adults [64] [65] and children (7 and 15 years old) [66] .
Also examining fruit on its own, (children (1 -5 years old) [33] and adults (30 -75 years old) [67] and vegetables on their own were correlated with reduced weight [67] .
BMI-percentile was not associated with F & V intake, combined or separately, and this finding was consistent with results from previous studies for F & V intake and fruit intake in both children (8 -9 years old) [68] , preschool children
[69], 9 -14 years olds [13] and adults (undergraduate students) [70] . However, contradictory to our findings a Spanish study of children and adolescents age 6 -18 years old found a reduction in BMI-SDS among the obese group (n = 184) not the control group (n = 185) with total dietary antioxidant capacity (TAC).
BMI was also previously reported to be inversely related to only vegetable intake in children and adolescents [13] which was inconsistent with the lack of association found here.
Although we found no association between BMI and F & V intake there was a significant association with body fat. In a previous study of adults , it was reported that increased F & V intake, in addition to calorie reduction, aided loss of body fat and weight among individuals aged 19 -50, and this result was based on serum carotenoid concentrations (a biomarker of F & V intake) [71] . Results from two studies conducted in 2010 and 2014 in children confirmed a negative association between only vegetable intake [72] or food high in antioxidants e.g. F & V (with only obese children) [66] and body fat. Studies to determine the association between increasing F & V intake and losing body fat among children possibly is still under examination by others. Similar results revealed that waist circumference [73] , hip circumference, WHtR and WHR [66] were all negatively associated with increased F & V intake. These effects were not previously reported in studies where these parameters were measured for example in young women aged 18 -28 years [74] or in preschool children 3-6 years old [69] . However, increased in WC, WHR and WHtR was observed with increased fruit intake which was not expected. correlated with lung function (FEV1-FVC) among adults in both a cohort study [76] and a cross-sectional study [77] [78], as well as among children in a crosssectional study [40] , and a cohort study [42] .
However, low fruit intake was associated with reductions in all of the parameters of pulmonary function, and these findings were similar to those reported previously in children [41] , where they have been ascribed to lower intake of antioxidant vitamins (C, E, A) (which were examined by food frequency question based on nutrients intake estimation between diet with/without supplementation). The negative significant (defects) result in some of the pulmonary function related to F & V combined or separately (FEV1%-FEF2575) perhaps because our participants had less intake of antioxidant vitamins which were not examined in our FVIQ. These vitamins are mostly obtained from diet (e.g. including F & V) or supplementation. It showed how it is positively had pulmonary function improvements on studies conducted in the UK among adults 18 -70 years old [79] and adolescents 11 -19 years old [41] .
Conclusion
Children we studied had high intakes of F & V relative to previous surveys in the UK but most still did not meet the recommendation of 5 a day. With a positive correlation between health related parameters and increased F & V intake, this suggests that promotion of F & V is warranted, although we should always bear in mind this was a cross sectional study and associations do not prove causality.
In addition, given some of the associations were negative; the links are complex and need further study. While the benefits of increasing F & V are well documented after children reach adolescence and adulthood there is relatively little information regarding impacts on children.
